The phenomenological description of the neutral B meson system is proposed in terms of the fundamental CP -violating observables and within a rephasing invariant formalism. This generic formalism can select the time-dependent and time-integrated asymmetries which provide the basic tools to discriminate the different kinds of possible CP -violating effects in dedicated experimental B-meson facilities.
The time evolution of neutral meson decays can probably check whether CP -violation arises from CP -violating phases in the mixing (indirect CP -violation) or in the weak decay amplitudes (direct CP -violation). Recently, there has been much interest particularly on measuring the quark-mixing angles of the unitarity triangle by means of the study of B-meson decays [ 1 ] . Although, it has been observed that there are some limitations in extracting these angles by using the isospin SU (3) relations, nevertheless it is still tantalizing to investigate carefully the time-dependence of correlative decay rates, in order to extract the penguin effects into the CP -violating asymmetries for neutral B meson decays. In this paper, we propose a model-independent and rephaseinvariant formalism which provides the fundamental parameters directly in terms of the measured quantities. The rephase-invariant formalism [ 2 ] will result more useful from a phenomenological viewpoint, since it explicitly intends to separate the different forms of CP -violation which a modern gauge theory can account for. In a neutral meson system, a meaningful classification of the three possible realizations of the CPviolating asymmetries (through mixing, decay or mixing-and-decay) is related to some phenomenological parameters which in principle might be detected by studying the time evolution of the neutral meson and some rate asymmetries. The B 0 − B 0 interfering effects into the CP -asymmetries can be described in terms of an effective matrix
In Table I , we propose the transformation properties of the elements of the Hamiltonians, with respect to some important combinations like CP and CP T of the discrete spacetime symmetries.
TABLE I. The restrictions imposed by combinations of charge conjugation C, parity P and, time reversal T on the elements of the Hamiltonian matrix.
The effective Hamiltonian matrix is determined by eight real parameters, but only seven are physical meaningful because the absolute phase of H 12 or H 21 is meaningless, being the relative phase of B 0 and B 0 arbitrary. They can be substituted by the two complex
where, in a general theory,
, and by the two complex mixing parameters ǫ H,L which are given by:
where
The complex scaling matrix R, which diagonalizes the effective Hamiltonian, is then given by
are fixed only once the eigenvectors normalization is realized and
In any CP T -invariant theory, we consider from now onward, H 11 = H 22 and there is only one mixing parameter
In this case, we have that
components will define the masses and the decay widths of the eigenstates B H and B L in the narrow width approximation. These heavy and light particles are then a linear combination of the flavour B 0 and B 0 states:
where usually R is preferably parameterized according to the following relations
After the corresponding normalization of the eigenvectors
the impurity parameters can be connected by the simple relations
We want to stress the crucial issue that the phase of p and q may be altered by redefining the relative phase between the state vectors |B 0 and |B 0 . Therefore both p and q are not measurable quantities. Thus, it results evident that the CP -violation parameter ǫ B
arises from a relative imaginary part between the off-diagonal elements M 12 and Γ 12
i.e. if δ = arg(M 12 Γ * 12 ) = 0. To this end, we introduce the ratio between these relevant variables
where the relative phase is δ = (δ M − δ Γ ). In terms of r and δ, the CP -violating parameter ǫ B is obtained as follows
To the extent that
share the same phase δ M = φ = δ Γ , we have no CP -violation and we obtain that
independently of any phase convention. However, it is clear that only the magnitude of
results a measurable quantity and it results connected to the following overlap parameter
This means that CP -nonconservation is determined by the relative phase between M 12
and Γ 12 . The value of the parameter |η| is significant, in the sense that η =
does not necessarily imply CP -violation. CP is violated in the mixing matrix if |η| = 1.
Remember that, since flavour is conserved in strong interactions, there is some freedom in defining the phases of flavour eigenstates. This means that η is a phase dependent quantity manifesting its presence in the phase of ǫ B which must only satisfy Eq. (19).
In turn, Eq. (19) reduces to the equation of a circumference
of radius ( 
Assuming the ∆B = ∆Q rule conserved [ 6 ] , the amount of its magnitude can then be extracted from the decay rate asymmetry between the semileptonic channels B →
The related CP -violating asymmetry
has been predicted theoretically [ 7 ] and somewhat detected experimentally [ 8 ] . However, it is worth noting that the experimental results [ 8 ] of the decay rate asymmetry A ℓℓ SL do not constrain ǫ B in a sensible way, due to the lack of available data of other direct CP -violating effects. Analogously to the case of the neutral kaon mixing, the magnitude and the phase of the complex parameter ǫ B depend on the specific phaseconvention adopted to describe the B 0 − B 0 system. Indeed, this phase-convention dependence could induce errors to provide the experimental information on ǫ B [ 9 ] . For a particular phase-convention, M 12 may turn out to have a large phase, but without also knowing the phase of Γ 12 , no conclusion can be reached as to the size of indirect CP -nonconservation. In the Wu-Yang convention ImΓ 12 = 0, we obtain that 
in terms of the production A A A P = (A iI ) and decay A A A D = (A jF ) amplitudes of the production vertex P of the initial I channel mode and the decay vertex D of the final F -decay mode. An initial B-meson in a pure state decays into an F -channel mode with an amplitude
and
written in terms of g 1, [ 10 ] . If F denotes the charge-conjugate final decay state, we have the conjugate amplitude
Squaring, we obtain the time-dependent rates
where the summation over repeated indices is tacitly assumed. The time-integrated rates of interest
can be expressed in terms of the rephase-invariant complex parameters
with the following resulting expressions [ 10 ] and, supplemented by the unitarity sum rule of Bell and Steinberger [ 11 ] ,
where the last expression has been obtained by choosing the final decay modes F to be CP -eigenstates and the integration with respect to the phase space must be understood.
We have defined
The two independent CP -violating parameters are given by
and B L |B H = 1−|η| 2 1+|η| 2 ≃ 10 −3 imposes large cancellations in the sum.
In the most general case of a state F which is not CP self-conjugate of the final decay mode F [ 12 ] , we can introduce the following relevant parameters
being
or alternatively we can introduce the parameters
The above parameters f ij and f ij can describe the direct CP -violating effects, but indeed, they are not physical observables since they are not rephase-invariant. Indeed, the relevant phase-independent observables are represented only by
Physically, we can introduce the following possible rate asymmetries
In principle, these rephase-invariant quantities represent the solution of the problem.
To be more specific and show a link with previous results [ 2 ] , we can define these asymmetries by means of the following four time-dependent decay rates
where the time-dependent functions are defined by
Here, we have preferred to use the following two dimensionless parameters
. It is worth noting that the eight parameters
(-)
S y = 2Re
and the coefficients of f 
The convenient notation τ = Γt is used and the superscripts Σ and ∆ denote, respectively, the sum or the difference between C and C ′ , S and S ′ . The Standard Model predicts |η| ≃ 1 and, it holds to a good degree of accuracy. As a consequence, the following much simpler expression for Eq. (46) can be written as
Due to the smallness of y (y ≃ 0), we derive the further standard result In the Standard Model, CP -violating effects can arise through the interference between at least two independent amplitudes with different CP -phases. Besides the charged W currents, some non zero CP -violating effects are provided by loop induced transitions involving strong (gluon) and electroweak (γ, Z 0 and H 0 ) interactions. Due to the presence of these penguin contributions, we cannot extract straightforwardly the CPangle, which characterizes the CP -asymmetry between the two CP conjugate decay modes. In order to clarify this point, we decompose the conjugated decay amplitudes
where φ 1 , φ 2 are weak phases associated with the different quark mixing elements, whereas δ 1 , δ 2 are unitarity CP -conserving strong phases, usually, associated with the absorptive part of the penguin diagrams or also related to inelastic final state interactions. For convenience, we introduce the following quantities
being A 1 and A 2 the magnitudes of the hadronic matrix elements. Without any loss of generality, one may suppose that a single weak amplitude (or rather a single weak phase) dominates the decay process (A 1 > A 2 ) . Therefore, the above parameters are found to be
where we have used the more convenient notation η = −e −2iφ M and
1 + Re −iφ 12 e −iδ 12 ,
with ∆ F = −2R sin φ 12 cos δ 12 + 2(φ M + φ 1 ) . We first consider the particular case
It is clear that it yields the box diagram dominant result
which is peculiar of indirect CP -violation in the mixing, and it is due to the equality
The mixing-and-decay CP -violating effects (R = 0, φ 1 = φ 2 ) induce a nonvanishing A (i.e. δ 12 = 0) with a direct CP -violation in the decay amplitude (A F or A F ). As we have pointed out, the existence of the direct CP -violation requires that both a strong and a weak phase difference exist. Usually, we calculate the decay amplitudes by using the effective weak Hamiltonian and the factorization approximation [ 13 ] . The evaluation of the relative strong phase δ 12 is more problematic as we lack a quantitative understanding of nonperturbative QCD and of the effects due to the final state interactions or to the production of coupled resonant decay modes. Neglecting the final state interactions which produce the strong phase difference δ 12 , we can consider the typical B 0 d → π + π − decay process which is characterized by the CP -angle α of the unitarity triangle [ 1 ] , being
with
Adopting the usual valence-quark convention, the SU (3) invariance can be used to isolate the gluon penguin contamination and determine α up to a two-fold ambiguity [ 14 ] . The penguin effects on CP -violation are supposed to be extracted by means of the knowledge of relevant branching ratios, without observing the time-dependence of the decay rates. Therefore, the CP -violation in the specimen case of
characterized by the following observables
where, in the isospin decomposition, we have that
being I 1 , I 2 ∈ {0, 2} the isospin states. In this formula, we have introduced the quantities
which are here represented by
For such a decay mode, the relevant CP -violating observable becomes Imξ π + π − = sin 2α + ∆ +− , where α in terms of the Wolfenstein ρ − η parameters [ 1 ] is given by
However, experimentally, it may be difficult to measure the deviation ∆ +− accurately, because it requires the measurement of the difficult decay B 0 d → π 0 π 0 , whose branching ratio is expected to be very small (≃ 10 −6 ), due to color suppression [ 15 ] . Within the flavour and isospin invariance, it has been pointed out that the isospin relations for amplitude differences in B → πK [ 16 ] may improve the situation. Furthermore, the inclusion of the B → πρ and other decay modes, can also remove the gluon penguin contamination and solve the two-fold ambiguity [ 17 ] , by studying the full Dalitz plot and the time-dependence for 3π decay channels [ 18 ] . The reliability of all these approaches is limited by possible SU (3) breaking effects originating, for instance, from the presence of electroweak penguins which become important due to the fact that the Z 0 exchange depends on the square of the top quark mass [ 19 ] . Indeed, without any deep insight into the world of the penguin operators and into other isospin breaking effects [ 20 ] , we can simply state that the influence of SU (3)-breaking effects (especially electroweak penguins) on the extraction of α is rather controversial [ 20 ] . The deviation ∆ +− in Eq. (62) seems sizeable as large as 0.12 using only factorization approximation. However, it is expected to be much smaller, if we include the further constraint
| coming from the study of the decay rates of the charged B mesons [ 20 ] .
A better understanding of the CP -violating effects in B meson decays originate from a full-fledged knowledge of the interference of the tree level amplitude with higher order corrections to vertex and masses. Concluding the paper, however, it is worth noting that this picture is obscured by other intriguing effects which support our need to consider a model-independent analysis. We mean the problems of the relative strong phase δ 12 and the peak-dip structure which emerge when we consider the exchange of two (or more) resonances. The latter resembles a s-channel interaction between the initial and final states, and can be described by means of a q 2 -dependent width in the BreitWigner intermediate propagators [ 21 ] . The particle width effects of the intermediate propagators should be taken into account since they introduce a CP odd contribution.
In this context, it is also possible to consider the interference effects in the breaking of some relevant isospin relations induced by the intermediate ρ-ω mixing [ 22 ] . On the other side, the question of how to calculate the relative strong phase δ 12 has been discussed both at the quark and at hadronic level. At the quark level, the necessary strong phases depend on the absorptive parts of t-channel vertex corrections (HARD FSI). These contributions are provided by different loop effects based both on the loop quark-rescattering (time like penguins) [ 23 ] , and on final state hadronization (spacelike penguins) [ 24 ] , in dependence of the gluonic momentum transfer. This quark level approach is related to the influence of virtual gluons in the form of the interactions, and therefore, it is intimately connected to CPT-invariance. In fact, the stringent CPT constraints can be evaded by a partial sum of final states. Also the factorization consistency [ 25 ] is complicated by the presence of the strong rescattering of the intermediate virtual states (with the same quark gluon content of the final decay modes) just because they violate the cancellations imposed by unitarity and CPT-invariances [ 26 ] . Therefore, the danger of a nonvanishing FSI cannot be avoided if the factorization ansatz cannot be done. At hadronic level, the plot thickens when we consider the inelastic t-channel interactions (SOFT FSI) which induce the mixing of final decay products. Usually, final coupled decay modes are considered by means of a parametrization of the strong S-rescattering matrix with the pomeron dominance and Regge model. The S-matrix of two coupled resonant channels in B-meson decays is probably negligible [ 27 ] , but in general the phase shift effects depend strongly on the kinematical configuration of the particles [ 28 ] . Finally, we can say that although, CP -violation has been observed only in the K 0 − K 0 complex system, large CP -violating effects are expected in the B system. As we mentioned, the charge asymmetry in semileptonic decays Eq. (22) is predicted to be very small, without the inclusion of new physical effects in B 0 − B 0 mixing [ 7 ] . But, in the nonleptonic decays, the relative asymmetries may be large due to the interplay of mixing and decay amplitude. This problem was widely discussed in the case the hadronic final states F being CP -eigenstates. The predictions for the partial decay rate asymmetries seem to put in evidence some CP breaking effects which, presumably, are sensitive to the strong interactions. In this letter, we propose a scattering theory to describe the CP -violation and we provide a complete set of the rephasing invariant observables. In particular, our proposal becomes a valid tool to provide the characterization of the CP -violating effects in neutral B decays in two pseudoscalar mesons, and, in the same time, it can parameterize the difficult problem of the penguin unreliabilities.
